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ABSTRACT 
The electrocatalytic reactivity of Pt nanoparticles supported on high-pressure-high-temperature 
diamond particles towards adsorbed CO, methanol and formic acid oxidation is investigated 
employing differential electrochemical mass spectrometry (DEMS). Surface treatment of diamond 
particles, employed as dimensionally stable electrocatalyst supports, leads to materials with surfaces 
featuring mainly hydrogen (HDP) or oxygen-based functional groups (ODP).  Pt nanoparticles with 
average diameter below 5 nm were generated by impregnation of the modified diamond particles. 
The voltammetric responses associated with the oxidation of adsorbed CO appeared unaffected by 
the surface termination of the diamond support. However, significant differences were observed for 
methanol oxidation in acid solutions, with Pt/HDP producing smaller current densities than Pt/ODP 
and a commercially available Pt catalyst (Pt/E-TEK). DEMS studies show higher conversion 
efficiencies to CO2 for Pt/ODP and Pt/E-TEK, while Pt/HDP exhibited values of approximately 
90%. Evidence of formic acid generation as intermediate during methanol oxidation was obtained on 
all catalysts. Significant differences in the current density associated with the oxidation of formic 
acid were also observed, with Pt/HDP also providing the lowest current densities. The ensemble of 
the experimental data suggests that adsorbed HCOOads species is the key intermediate in methanol 
oxidation, and its subsequent oxidation to CO2 is strongly affected by the average surface 
termination of the diamond support. 
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1. INTRODUCTION 
The electrocatalytic oxidation of methanol on Pt-based catalysts is one of the most studied 
reactions in the field of electrochemical energy conversion, yet mechanistic aspects remain 
controversial.1-3 This multi-electron transfer reaction proceeds via a complex mechanism involving 
several parallel and consecutive pathways. As illustrated in scheme 1, methanol oxidation to CO2 
can take place via the generation of adsorbed CO, as well as reactive intermediates such as HCHO 
and HCOOH.4-7 The reaction pathway can be affected by the structure and size of the Pt 
nanostructure, but also by the nature of the catalyst support, typically mesoporous sp2 hybridized 
carbon.8-11  
 
 Scheme 1. Proposed mechanisms for methanol electro-oxidation at Pt surfaces.  
 
The impregnation of metal precursors into carbon suspensions, followed by chemical 
reduction, is a widely used approach for generating nanoscale supported electrocatalysts. The 
properties of the carbon support can strongly influence key aspects of the metal nanocatalysts, such 
as mean size, morphology, size distribution, stability, dispersion and reactivity.12-13 For instance, 
oxygenated functional groups have been shown to improve the wettability of carbon materials, 
enhancing both the interaction of the carbon with the metal precursor complexes and the anchoring 
of the metallic nanostructures.14-15 Oxygenated groups can be introduced at the surface of 
mesoporous carbon by a variety of gas and liquid phase pre-treatments.16-19 However, while 
introducing oxygen surface groups, other properties such as pore structure or specific surface area 
are inevitably affected.  Consequently, the establishment of relationships between carbon surface 
termination and the reactivity of the supported catalysts is an extremely challenging issue. In a recent 
4 
 
work, the effect of various carbon pretreatments on the electrocatalytic activity of Pd nanostructures 
exhibited contrasting trends in the case of conventional impregnation versus incorporation of already 
prepared colloidal nanoparticles.20  
An interesting alternative for electrocatalyst support involves diamond powders, which are 
characterized by a high chemical and mechanical stability, as well as a rich surface chemistry.21 
Depending on the preparation method, the surface of diamond powders can be H-terminated and/or 
feature a range of functional groups,22-26 Moore et al. demonstrated that Pd nanostructures generated 
by impregnation on commercially available high-pressure-high-temperature (HPHT) diamond 
particles can be used as high surface area electrocatalysts for formic acid oxidation.27 This approach 
is inspired by seminal studies on boron doped diamond (BDD) films, demonstrating their suitability 
as dimensionaly stable support for electrodeposited metal nanostructures.28-30 Cabrera and co-
workers investigated the performance of detonated diamond nanoparticles and boron-doped diamond 
powders, obtained by ion implantation, as a supports for Pt and PtRu catalysts in direct methanol 
fuel cells.31-33 One of the key challenges in the implementation of non-boron doped diamond 
powders as electrocatalyst supports is their high bulk resistivity. However, charge transport in metal-
diamond composites can be manipulated by the generation of percolation pathways,34 “transfer-
doping” mechanism in aqueous solution,34-37 and via surface states and functional redox groups.38-40 
In the present work, the reactivity of Pt nanostructures supported on high-pressure-high-
temperature diamond powders is evaluated for the first time as a function of the effective surface 
diamond termination. Pt nanostructures were reduced at the surface of hydrogen (HDP) and oxygen 
terminated diamond powders (OPD) through impregnation methods. The electrocatalytic activity of 
these composites towards the oxidation of CO, methanol and formic acid were evaluated in acid 
solution employing differential electrochemical mass spectrometry (DEMS). Although the mean Pt 
particle size in Pt/HDP is slightly smaller than in Pt/ODP, the potential for oxidation of adsorbed CO  
is rather similar in both cases. Interestingly, the oxidation of COads on the diamond supported Pt 
nanoparticles was characterized by a broad voltammetric peak centered at potentials 100 mV more 
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negative than on a commercially available Pt electrocatalyst (Pt/E-Tek); the latter is used as 
benchmark in this work. On the other hand, electrochemical data showed a significant difference in 
the reactivity of Pt/HDP and Pt/ODP with respect to methanol oxidation. DEMS measurements  
provided evidence that formic acid is  generated during the oxidation of methanol. We finally 
concluded that the contrast in the reactivity of Pt/HDP and Pt/ODP mainly arises from differences in 
the oxidation kinetics of  HCOOads species generated as intermediate during methanol oxidation. 
 
2. EXPERIMENTAL 
2.1. Diamond surface termination. High-pressure-high-temperature diamond particles (type Ib), 
with a nominal size of 500 nm, were purchased from Microdiamant AG, Switzerland (MYS005). 
The as-received particles were initially washed by sonication in ultrapure water; O- and H-
terminations were then generated following a previously described procedure.36 Briefly, oxygenated 
surface groups are generated by heating the particles in a concentrated 9:1 v/v H2SO4:HNO3 
solution; the particles are then successively washed with Milli-Q water and centrifuged until the 
supernatant is pH neutral. Hydrogenation of the oxygen terminated particles is achieved by an 800 
W microwave plasma reactor, at a pressure of 50 Torr, with a hydrogen flow rate of 500 sccm. 
Particles were allowed to cool down in the presence of hydrogen to approximately 250ºC, and under 
Ar to room temperature, before exposure to air.  Changes of the surface termination of these 
diamond powders following these pre-treatments have been monitored by FTIR.36 The specific 
surface area of the diamond particles, as estimated from BET analsys (results not shown) is 10.7 m2 
g-1. Although higher specific surface areas could be obtained from smaller diamond particles, such as 
those obtained by detonation, these materials offer key advantages such as high crystallinity, low 
density of aggregates and low content of sp2 impurities.  
2.2. Electrocatalyst preparation. Electrocatalysts were prepared by the solution-reduction method, 
using sodium borohydride as reducing agent. 35 ml of 1.13 mM H2PtCl6 (Sigma-Aldrich) were 
added to 80 ml of an aqueous suspension of the diamond powder. The suspension was kept under 
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strong stirring for 24 hours, before the slow addition of 20 ml of 26.4 mM sodium borohydride, at 
room temperature.8 
2.3. Differential electrochemical mass spectrometer experiments (DEMS). These experiments were 
carried out in the differential electrochemical mass spectrometer set-up described by Pérez-
Rodriguez.41 Briefly, the configuration used to perform DEMS experiments consisted in an 
electrochemical cell coupled to a Pfeiffer-Vacuum mass spectrometer, which contains a Prism QMS 
200 detector, allowing acquisition up to 72 simultaneous mass/charge (m/z) signals.  
A 50 cm3 capacity plexiglass cell was used, with a hydrophobic Teflon membrane (Scimat 
Ltd., 200/40/60) at the bottom, which worked as an interface between the electrochemical cell and 
the mass spectrometer, being permeable to gaseous and/or volatiles products generated during the 
electrochemical reaction. The working electrode was placed between the Teflon membrane and a 
glassy carbon rod, which served as electrical contact. 
Gas diffusion electrodes were used as working electrodes (7 mm diameter) prepared as 
reported elsewhere.42 A carbon cloth was painted using the so called gas diffusion ink, composed by 
Vulcan XC-72R, ultrapure water (Millipore Milli-Q system), isopropanol (Merck, p.a.) and a PTFE 
dispersion (60 wt. %, Dyneon); resulting in a 20 wt.% PTFE mixture. This ink was painted onto one 
side of a carbon cloth, followed by heating at 320 °C for 1 h. Electrodes were made by depositing a 
suspension of Nafion solution (5 wt.%, Sigma-Aldrich) and the synthesized electrocatalyst on pieces 
of the pretreated carbon cloth. The final amount of metal active phase in all the prepared electrodes 
was approximately 0.4 mgPt cm-2. 
2.4. Characterization of the nanostructures and electrochemical studies. The structure and 
composition of the catalysts was investigated employing a suite of scanning electron microscopes: 
JEOL SEM 5600 LV, JEOL FEG-SEM 6330 and Hitachi S-3400 N fitted with an energy dispersive 
X-ray analyzer (EDX) Röntec XFlash Si(Li). X-ray diffraction (XRD) patterns were recorded using 
a Bruker AXS D8 Advance diffractometer with a θ-θ configuration and using CuKα radiation (λ = 
0.154 nm). Scans were done for 2θ values between 0º and 100º. Scherrer’s equation and Vegard’s 
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law were applied to the (220) peak of the Pt fcc structure, around 2θ = 70º, in order to estimate the Pt 
crystallite size and lattice parameters, respectively.  
The electro-oxidation of adsorbed CO and methanol were investigated in the set up described 
in section 2.3, using a two-compartment electrochemical cell featuring a carbon rod and a reversible 
hydrogen electrode (RHE) as counter an reference electrodes. Argon (N50) was used to deoxygenate 
all solutions and CO (N47) was employed for the adsorption experiments. Solutions were prepared 
using sulfuric acid (0.5 M H2SO4) as base electrolyte, to which methanol (Merck, p.a.) was added. 
Electrochemical measurements were performed with an Autolab PGSTAT302 (Ecochemie).  
The formic acid oxidation was also investigated in a two-compartment cell fitted with a Pt 
wire and an Ag/AgCl electrode, as counter and reference electrodes, respectively. For consistency, 
all potentials in this work are quoted versus the RHE electrode. Working electrodes were prepared 
depositing a thin layer of the electrocatalyst ink over a glassy carbon disk (0.20 cm2). Catalyst inks 
were prepared by mixing 2 mg of each catalyst and 15 µl of Nafion dispersion (10 wt.%, Aldrich) in 
500 µl of ultrapure water (Millipore Milli-Q system). A 20 µl aliquot of the suspension was 
deposited onto the glassy carbon electrode and dried.  
 
3. RESULTS AND DISCUSSION 
3.1. Structural characterization of the electrocatalysts. SEM micrographs of the Pt catalysts 
supported on diamond powders and of the Pt/E-Tek are contrasted in figure 1. The faceted 
topography of the highly crystalline high-pressure-high-temperature diamond powders is clearly 
seen on  Figure 1a. This image, taken on a Pt/ODP sample, is representative of all of the catalysts 
prepared, independently of the diamond surface termination. On the other hand, the SEM image of 
the Pt/E-Tek catalyst in figure 1c is characterized by aggregates of spherical carbon particles. In 
both cases, the topographic features are entirely dominated by the structure of the carbon grains as 
the Pt nanostructures are two orders of magnitude smaller.  
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The distribution of the Pt nanostructures can be visualized by elemental mapping, as 
exemplified in figures 1b and 1d. Whereas it is clear that the metal is homogeneously dispersed in 
the case of the commercial catalyst, some aggregates can be observed when ODP is used as support 
material. A similar distribution was observed for Pt particles supported on HDP. Considering that 
the porosity of the diamond powders is very low in comparison with carbon black, it is expected that 
the distribution of the Pt nanostructures will be more homogeneous in the latter case. 
 
 
Figure 1. SEM images of Pt/ODP (a) and Pt/E-Tek (c) electrocatalysts. 
Corresponding Pt elemental mapping is shown as white spots for Pt/ODP and 
Pt/E-Tek (b and d, respectively). The scale bar in all images corresponds to 1 m. 
 
XRD patterns obtained for the various supported Pt nanostructures are displayed in figure 2. 
The peaks at 2θ = 40º, 47º, 67º, 81º and 85º are associated with diffraction at the (111), (200), (220), 
(311) and (222) planes of fcc Pt, respectively. The XRD pattern of Pt/E-Tek also displays a peak at 
2θ = 26.2º, characteristic of the (002) plane of graphite. On the other hand, Pt/HDP and Pt/ODP 
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feature peaks at 2θ = 43.3, 74.7 and 91º, characteristic of the highly crystalline diamond particles 
(labeled *).27  
 
 
Figure 2. Powder XRD patterns of Pt/HDP, Pt/ODP and Pt/E-Tek. 
 
Table 1 summarizes the loading and effective particle diameter (d) of the Pt nanostructures 
on the various supports as estimated from EDX and XRD data. Pt/HDP and Pt/E-Tek show similar d 
values, while the Pt particles appear somewhat larger on Pt/ODP. The overall metal loading also 
appears lower in the case of Pt/ODP, with respect to Pt/HDP.  The difference between these two 
parameters in Pt/HDP and Pt/ODP is directly linked with the diamond surface termination. For 
instance, an increase in d has been reported with increasing density of surface oxygen groups in 
carbon black supports.43-44 However, a unique aspect of employing diamond powder supports is that 
its dimensions and bulk structure are not compromised by chemical modification of the surfaces. 
Analysis of the XRD data allowed estimating an average lattice constant of the metal nanostructures 
of 3.92 Å for all samples, which is consistent with bulk Pt.   
The structure and metal loading of the composites have significant effect on the electrical 
conductivity of the system. As described in a recent report,34 percolation through the metal centres 
and “transfer doping” phenomena observed at hydrogenated surfaces are the key parameters 
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determining charge transport in these composites. Metal volume fractions, as estimated from the data 
in table 1, are just below the threshold expected for charge percolation controlled conductivity. 
Under these conditions, a certain proportion of metal nanoparticles appear as electrically isolated. 
However, as described further below, reactivity studies are normalized by the electroactive surface at 
each electrode. Consequently, trends in the effective reactivity of the Pt-diamond composites are less 
affected by the transport properties or the composite. 
      
Table 1. Pt loading and effective particle diameter (d) for the various catalysts. 
Electrocatalyst % Pt d / nm 
Pt/HDP 14.2 ± 1.9 3.4 
Pt/ODP 10.3 ± 2.2 4.8 
Pt/E-Tek 16.3 ± 1.5 3.0 
 
 
3.2. Oxidation of adsorbed CO. Cyclic voltammograms associated with the oxidation of adsorbed 
CO in 0.5 M H2SO4,  at 5 mV s-1, on all three catalysts are contrasted in figure 3. CO was pre-
adsorbed at the electrode surface at a potential of 0.2 V, during 10 min, and argon was used for at 
least 20 minutes to remove CO from the electrolyte before recording the voltammograms. The first 
cycle is characterized by the COads oxidation peak, which is absent in the second cycle. The 
appearance of the hydrogen adsorption/desorption peak at potentials lower than 0.3 V in the reverse 
scan and second cycle further confirm the complete oxidation of COads.  It is also observed that the 
voltammetric responses associated with Pt-O remain unchanged in the first and second cycle, 
indicating that no Pt dissolution occurs in this potential range.  This set of data was employed for 
estimating the effective electroactive area of the Pt catalysts assuming that the charge density of 
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COads under these conditions corresponds to 420 µC cm-2.45 The current responses throughout this 
paper were normalized to the effective surface area based on this calculation. 
 The commercial Pt/E-Tek catalyst features a relatively narrow COads oxidation peak centered 
at 0.77 V, in contrast with the more complex responses observed for Pt/HDP and Pt/ODP. Both 
diamond supported Pt particles exhibited a current peak at 0.73 V, with an additional shoulder at 
around 0.75 V. There is no clear consensus on the origin of multiple oxidation peaks at 
nanostructured Pt electrodes. At well defined single crystal surfaces, oxidation peak potentials have 
been associated with coverage dependent adsorption energies46 and variation in local ordering of the 
adlayer at different crystalographic planes33, 47. The shift of the COads oxidation peak towards more 
negative values for the diamond supported nanoparticles with respect to Pt/E-Tek can be rationalized 
in terms of particle size. Several reports have suggested that the overpotential for the formation of 
oxygenated species at Pt nanostructures increases with decreasing particle size, which manifest itself 
by a shift of the COads oxidation potential towards more positive values.48-51 An additional aspect 
affecting the COads oxidation potential is the presence of particle aggregates;50-52 enhanced catalytic 
activity of Pt agglomerates has been associated with grain boundaries interconnecting nanoparticles 
into complex extended structures. Indeed, the 100 mV shift observed in this work is in good 
agreement with studies reported by Savinova and co-workers on Pt nanostructures deposited at 
glassy carbon electrodes.52  
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Figure 3. COads electro-oxidation voltammograms of the different supported Pt 
electrocatalysts in 0.5 M H2SO4 at 5 mV s-1. The adsorption of CO was carried out 
at 0.20 V and 25 ºC. 
 
3.3. Methanol oxidation. Cyclic voltammograms associated with oxidation of methanol at the three 
electrocatalysts, and the corresponding DEMS signals for m/z = 44 and 60, are contrasted in figure 
4. The experiments were carried out in electrolyte solutions containing 0.5 M methanol and 0.5 M 
H2SO4, at a scan rate of 1 mV s-1. The choice of m/z values investigated is based on the volatile 
compounds indicated in scheme 1. The most effective way to monitor the generation of formic acid 
under the present experimental conditions is by probing m/z = 60, corresponding to methylformate, 
the product generated from the homogeneous reaction of formic acid and methanol. On the other 
hand, formaldehyde formation is significantly more challenging due to the mass overlap with 
methanol and the fact that these compounds do not react at low temperatures. The m/z = 44 signal is 
used to monitor the formation of CO2. 
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The m/z = 44 ion current (middle panels) generally overlaps with the faradaic current (upper 
panels) in the potential scale, taking into account the time constant of the DEMS cell. In the case of 
m/z = 60 (lower panels in figure 4), there is a degree of overlap between the faradaic and mass ion 
currents. However, the hysteresis in the forward and reverse potential scans is significantly larger for 
m/z = 60 in comparison to m/z = 44. This deviation can be explained by the relatively slow ester 
formation (reaction between formic acid and methanol), compared to the instantaneous CO2 
formation.53 
 
 
Figure 4. Cyclic voltammograms (upper panels) and DEMS signals for m/z = 44 
(middle panel) and 60 (lower panels) for the oxidation of methanol (0.5 M) in 0.5 
M H2SO4 at Pt/HDP (a), Pt/ODP (b) and Pt/C E-Tek (c) at 1 mV s-1.  
 
The results shown in figure 5  allow a comparison between the measured faradaic current, 
associated with methanol oxidation, and the theoretical value estimated from the ionic current 
associated with CO2 generation (m/z = 44). To perform this calculation, the CO2 mass calibration 
constant (k) was estimated from DEMS measurements of COads oxidation.54 The difference 
between the measured (solid line) and estimated current (dashed line) in figure 5 can be 
rationalized in terms of the formation of by-products during methanol oxidation. Figure 5 also 
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shows the average faradaic efficiency calculated from the ratio of experimental and estimated 
charges. The data show high CO2 conversion efficiencies for Pt/ODP and Pt/E-Tek; interestingly, 
Pt/HDP exhibits a lower CO2 conversion efficiency (just below 90%). This can be associated to a 
higher formation of by-products (e.g. formic acid and formaldehyde), which are not further 
oxidized in the time-scale of the cyclic voltammogram.  
 
 
Figure 5. Experimental (        ) and estimated (-- -- --) faradaic current obtained 
from m/z = 44 ionic currents at Pt/HDP (a), Pt/ODP (b) and Pt/E-Tek (c). 
Experimental conditions as in figure 4. The CO2 mass calibration constant (k) 
used for estimation of the faradaic current from the CO2 mass intensity is also 
indicated for each of the catalyst (see text). 
 
As shown in the supporting information, chronoamperometric measurements recorded 
under similar conditions, at 0.60 V for 800 s, also show the same qualitative trend as the previous 
potentiodynamic experiments, i.e. lower faradaic current density for Pt/HDP in comparison to 
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Pt/ODP and Pt/E-Tek electrodes. Considering the systematic analysis of the experimental data, in 
particular the normalization of the current densities, this experimental trend cannot be simply 
rationalized in terms of effective surface area of the Pt catalyst. Consequently, the lower faradaic 
current density observed for Pt/HDP, with respect to the other catalysts, represents a so-called 
substrate effect associated with the hydrogenated diamond surface. Considering that the reactivity of 
COads is rather similar at Pt/HDP and Pt/ODP (figure 3), it could be argued that the hydrogen 
termination does not affect this reaction pathway. On the other hand, the generation of 
dimethylformate as detected by DEMS data (figure 4) suggests that formic acid  is generated as an 
intermediate species in methanol oxidation on all of the catalysts studied. In the final part of this 
work, we investigate whether a contrast in reactivity for the oxidation of formic acid in solution is 
observed for this family of electrocatalysts.  
3.4. Formic acid oxidation. Linear sweep voltammetric data for all three catalysts, at 0.02 V s-1 in an 
electrolyte solution containing 2 M formic acid and 0.5 M H2SO4, are shown in figure 6. The onset 
for formic acid oxidation occurs at ca. 0.20 V, reaching a plateau between 0.55 and 0.80 V. At 
potentials more positive than 0.80 V, the current significantly increases with a peak emerging at 0.95 
V. In the potential range below 0.80 V, Pt/HDP and Pt/ODP exhibit lower current densities than 
Pt/E-Tek. At potential above 0.80 V, Pt/HDP shows significantly lower current densities than both 
Pt/E-Tek and Pt/ODP. 
It has been proposed that the voltammetric responses centered at 0.55 V correspond to the  
dehydrogenation of formic acid, generating COads, while the signal at 0.95 V is attributed to the 
oxidative removal of COads, along with further formic acid oxidation on ‘free sites’.55-58 On the other 
hand, recent studies by Cuesta and co-workers have concluded that the first step is the formation 
adsorbed formate , which leads to the formation of either COads or CO2, as illustrated in scheme 2.59-
61  We have already concluded that there is little reactivity contrast between Pt/HDP and Pt/ODP 
towards the oxidation of COads (see figure 3), consequently, the apparent lower reactivity of HDP 
supported nanoparticles is most likely linked to the oxidation rate of HCOOads. Furthermore, the fact 
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that a significant difference is observed between Pt/ODP and Pt/E-Tek towards the oxidation of 
COads, but rather little towards methanol and formic acid, further supports the conclusion that COads 
oxidation is not the limiting process in the oxidation of these fuels. 
 
 
Figure 6. Linear sweep voltammetry of Pt/HDP, Pt/ODP and Pt/E-Tek in an 
electrolyte solution containing 2 M formic acid and 0.5 M H2SO4 at 0.02 V s-1. 
 
The picture emerging from these studies strongly suggests that the contrast in reactivity of Pt 
nanostructures supported on hydrogenated and oxygenated diamond powder towards the oxidation 
of formic acid and methanol is related to the oxidation rate of the HCOOads species. Variations in 
parameters such as Pt particle size and loading, COads oxidation potential and current density, as well 
as the microscopic dimensions of the diamond supports do not account for the difference observed in 
these studies. The key aspect which remains to be fully addressed is the link between the surface 
termination of the diamond support and the oxidation rate of HCOOads. It is well established that the 
hydrogenation of diamond leads to large changes in the surface dipole of up to 2.7 eV.62-63 
Hongthani et al. have recently shown that hydrogenation of identical HPHT diamond powders shifts 
the valance band edge energy to values close to -0.32 eV with respect to RHE.36 We believe these 
electronic effects can substantially influence parameters such as the electron density at the d-band of 
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the metal nanoparticles, as well as the structure of water molecules around the metal centres. Both 
issues, which we are currently investigating, can strongly affect the binding of HCOOads and the 
reactivity of the supported Pt nanostructures.  
 
Scheme 2. Elementary steps associated with the oxidation of formic acid as suggested by 
Cuesta and co-workers.61  
 
4. CONCLUSIONS 
The electrochemical reactivity of Pt nanostructures supported on high-pressure-high-
temperature diamond powders towards the oxidation of COads, formic acid and methanol were 
investigated employing DEMS. The effective surface termination of the diamond powders was 
investigated as the key reactivity descriptor. Pt supported on hydrogen-terminated diamond powders 
(Pt/HDP) exhibited similar voltammetric responses for the oxidation of COads in comparison to Pt 
nanostructures at oxygen-terminated powders (Pt/ODP). Both set of catalysts featured an oxidation 
potential for COads over 100 mV more negative than the commercial Pt/E-Tek catalysts used as 
benchmark. Interestingly, a significant contrast was observed in the current density for the oxidation 
of methanol and formic acid on Pt/HDP and Pt/ODP. The latter showed similar behavior to Pt/E-
Tek, featuring significantly high conversion efficiencies of methanol to CO2. Pt/HDP showed 
methanol-to-CO2 conversion efficiencies of 90% with smaller current densities for both methanol 
and formic acid. All catalysts showed evidence of formic acid formation as intermediate in methanol 
oxidation. The experimental evidence points towards HCOOads as the key intermediate limiting the 
oxidation of both formic acid and methanol.   
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These reactivity trends, reported for the first time, are linked to the large changes in surface 
dipole at diamond surfaces, introducing large shifts in the relative position of the electronic bands. 
We expect that relatively minor effects would be observed on conducting boron-doped diamond 
surfaces, as the electronic interactions with the metal nanoparticles will be dominated by the 
continuum density of states associated to the dopant level. We are currently extending our 
investigations into the electronic structure of the electrocatalysts as a function of the diamond 
surface termination, as well as alternative formulations which could allow implementing these 
materials as catalysts in energy conversion systems. 
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